RESEARCH
M oth (Lepidoptera) stem borers are major pests of sugarcane and other important gramineous crops worldwide. Stem borers attacking tropical gramineous crops chiefl y belong to the families of Pyralidae, Noctuidae, and Castniidae (Smith et al., 1993) . Smith et al. (1993) list 19 important genera of the family Pyralidae; however, later taxonomic revisions separate the tribe Crambinae from Pyralidae creating Crambidae as an additional family (Munroe and Solis, 1999) . In North America, the two important stem borers are the sugarcase borer (SCB) and Mexican rice borer (MRB) which belong to the Crambidae. The SCB has been the dominant stem borer of sugarcane in the United States and in 1980 the MRB became established in the Lower Rio Grande Valley of Texas (Johnson and van Leerdam, 1981) and, subsequently, supplanted the SCB as the dominant insect pest of that industry (Johnson, 1984) . Reay-Jones et al. (2007) predicted the arrival of the MRB into Louisiana in 2008 and the fi rst specimens were indeed found near Vinton, LA in December of 2008 (Anonymous, 2009) .
While taxonomically being closely related species and sharing many of the same cultivated and wild hosts, the species are a contrast to one another in certain aspects of their behavior; particularly in oviposition behavior. The ovipositor of the MRB is (Dyar) ] are two economically important pests of sugarcane (Saccharum spp. hybrids) in the United States. Because of similarities in larval feeding behavior, selecting for resistance to one species could provide resistance to the other, a phenomenon we have termed "crossresistance". The objective of this study was to determine if SCB-resistance in sugarcane is correlated with resistance to MRB. Thirty genotypes from Louisiana previously identifi ed as either resistant or susceptible to the SCB and 50 from Texas with unknown resistance status to either species were evaluated for percent borer-damaged internodes. Data from the SCBresistant and-susceptible genotypes were used to determine the SCB-resistance status of all 80 genotypes. Similar (P = 0.578) levels of MRB damage were found between the Louisiana and Texas population, whereas, the Louisiana population suffered signifi cantly (P < 0.05) less SCB damage compared to the Texas population. The SCB-resistant genotypes suffered signifi cantly (P < 0.01) less damage from the MRB compared to their susceptible counterparts. A signifi cant (P < 0.001) association was found in percent SCBand MRB-damaged internodes among the Louisiana and the SCB-resistant populations but not among the Texas or SCB-susceptible populations. Furthermore, the SCB-resistant genotypes were 40% less likely than susceptible ones to be bored by the MRB. Resources developed for SCB-resistance could form the foundation material to breed for resistance to both pests. laterally compressed, which allows oviposition in crevices, whereas the ovipositor of the SCB is vertically depressed, which only allows oviposition on fl at surfaces (Smith et al., 1993) . The MRB eggs are found deep within the canopy and near the soil surface on dry leaf material, whereas the moths of the SCB oviposite on the young leaves higher up in the sugarcane canopy. However, once larvae eclose from the egg, the behavior of the two species becomes similar. Specifi cally, both species' larvae move to the green leaf sheaths and begin feeding (Ring et al., 1991; White, 1993) and later the larvae bore into the young, developing internodes. The speed with which these larvae enter the stalk depends on the genotype: more quickly in susceptible genotypes than in resistant ones (White et al., 1996) .
We hypothesize that, due to the similarities in larval feeding behavior of the two species, selecting for resistance to one species will indirectly select for resistance to the other, henceforth referred to as cross-resistance. Validating this hypothesis would be a great benefi t to both the Louisiana and Texas sugarcane breeding programs as it would eliminate the need for maintaining dual breeding programs needed to develop resistance to both species.
The objective of this study was to determine if crossresistance exists among sugarcane genotypes between the MRB and the SCB using populations derived from the Louisiana and Texas breeding programs.
MATERIALS AND METHODS

Plant Materials and Experimental Procedures
Eighty sugarcane genotypes were planted at the SRS farm, in Santa Rosa, TX on 11 Nov. 2005. Sugarcane crops planted at this location have been known to suff er heavy MRB damage while the SCB pressure at this location can be described as mild. The fi eld design was a randomized complete block design with four replications. Plots were single-row and 6 m in length. Thirty of the genotypes were from Louisiana, representing clones chosen at random from diff erent subpopulations: 15 of the 30 genotypes were taken from a recurrent selection program for SCB-resistance developed at the USDA, ARS Sugarcane Research Laboratory (White et al., 1996) . These genotypes are classifi ed in this study as being resistant to the SCB. Ten were commercial genotypes identifi ed as either resistant (three) or susceptible (seven) to the SCB based on previous fi eld evaluations. The SCB-resistance status of the fi ve remaining genotypes was unknown. The 50 genotypes from the Texas A&M University sugarcane breeding program were from the 2002 breeding series and their resistance status to either stem borer species was unknown and therefore, represented a random population.
Standard cultural practices for cultivating sugarcane in Texas were followed (Wiedenfeld, 1995) . However, no insecticide applications were made to the experiment and damage was ascribed to native infestations of both stem borers.
On 2 to 9 Aug. 2006, 10-stalk samples were hand-cut from random locations within each plot in the plant-cane. These stalks were topped at the last fully-expanded internode and stripped of all leaves and leaf-sheaths. Stalks were split longitudinally and evaluated for insect damage based on the presence of larvae and their entrance and exit holes. Although both species damage sugarcane by boring into the internodes, the SCB primarily makes longitudinal tunnels in the internodes, whereas the MRB often bores around and across the internode causing transverse tunnels ( Johnson and van Leerdam, 1981) . Additionally, SCB larvae regularly deposit their frass outside the entrance of the tunnel, whereas the MRB larvae maintain closed tunnels by plugging the traversed area with frass and detritus, thus packing the tunnels (Meagher et al., 1994) . These two contrasts in tunneling behavior were used to distinguish between the two stem borer species when making damage assessment. The assessment involved counting the number of bored internodes on each stalk made by each of the pests. The data, percent borer-damaged internodes, were computed as the percentage of the bored internodes to the total number of internodes in the 10 stalk sample per plot.
The experimental plots were allowed to ratoon and data were again collected in the fi rst-ratoon crop, which was harvested on 6 to 8 Aug. 2007, following the same procedure as in the plant-cane crop.
Data Analysis
The data collected from fi eld plots were coded to identify genotypes as subsets from either Louisiana or Texas. The Louisiana population was further coded to identify three subgroups based on prior information: 18 genotypes known to be resistant to the SCB, seven genotypes known to be susceptible to the SCB, and the remaining fi ve genotypes were placed into a third subgroup with unknown resistance status. The performance in this study of these resistant and susceptible populations was used as a benchmark to classify all 80 genotypes in the trial into two subgroups, that is, resistant or susceptible to the SCB. To achieve this, we calculated the mean percent SCB-damaged internodes and their associated 95% confi dence limits for each of the resistant and susceptible groups of genotypes. Genotypes with percent SCB-damaged internodes values lower than the upper confi dence limit of the resistant group were classifi ed as resistant while the rest were classifi ed as susceptible to the SCB.
The experimental design variables in this experiment were populations (Texas and Louisiana), SCB-resistance status (resistant and susceptible) and crop-year (plant and fi rst-ratoon). The data were subjected to ANOVA, ANCOVA, and log-linear model analysis. The rationale for these analyses were to determine, how signifi cant these experimental design variables are in determining borer damage (ANOVA), if levels of borer-damage were significantly associated between the two pests (ANCOVA), and if they are associated (ANCOVA), to test to what degree the association was dependent on experimental design variables (population/ resistance status, and crop) (Log linear model analysis).
The ANOVA was performed using SAS Mixed procedures (SAS Institute, 2007) based on the following linear mixed model equation: ikm(j) [1] where Y ijkm is the percent borer-damaged internodes from the ith replication (i = 1, 2), jth population (Texas vs. Louisiana) or resistance status (resistant vs. susceptible to the SCB) ( j = interpretation of log-linear analysis is done using odds ratios (Agresti, 2007; Allison, 2003; Stokes et al., 1996) . The odds ratios are calculated by exponentiating the coeffi cients of the eff ects. For example, the odds ratios for the number of bored internodes in population Y 1 vs. population Y 2 would be estimated as the ratio of the odds of being bored for population Y 1 to the odds of being bored for population Y 2 and were estimated using the formula,
The confi dence intervals of the odds ratios are calculated by exponentiating the coeffi cients of their confi dence intervals.
RESULTS
Analysis of Variance
The MRB was the dominant species encountered during the study. The percent borer-damaged internodes ascribed to the MRB were approximately four times that ascribed to the SCB (Table 1) . For both pests, borer damage was slightly greater (12% by the MRB and 18% by the SCB) in the plant compared to the fi rst-ratoon crop. However, the degree to which the two populations (Texas and Louisiana) were damaged by both pests was not consistent across crops as evidenced from the signifi cant population by crop eff ect (Table 1) . The Louisiana population suff ered signifi cantly (P < 0.01) more (14%) MRB damage compared to the Texas population in the plant crop whereas in the fi rst-ratoon crop, the Texas population suff ered significantly (P < 0.05) more (11%) damage than the Louisiana population. Likewise for the SCB, the Texas population suff ered signifi cantly (P < 0.01) more damage (45%) than the Louisiana population in the plant crop whereas in the fi rst-ratoon crop, the Louisiana population suff ered slightly more (nonsignifi cant) damage than the Texas population. When the data were averaged across crops, there was no clear indication of which population was superior against the MRB while the Louisiana population suff ered comparatively less damage from the SCB (Table 1) . Little insight could be gained from this analysis with respect to the existence of cross-resistance between the two borer species.
A second data subset comprising SCB-resistant andsusceptible genotypes from the Louisiana population was subjected to ANOVA. The plant crop suff ered signifi cantly (P < 0.05) more borer damage from both pests (19% by the MRB and 32% by the SCB) compared to the fi rst-ratoon crop. As expected, genotypes previously identifi ed as resistant to the SCB suff ered signifi cantly (P < 0.01) less damage from the SCB in both the plant (45%) and fi rst-ratoon (52%) crops compared to their susceptible counterparts. But more importantly, genotypes previously identifi ed as resistant to 1, 2), kth genotype (k = 1, 2, …, 80), and mth crop year (m = 1, 2), μ is the overall mean, R i is the random eff ect from the ith replication, S j is the fi xed eff ect of the jth population, V(S) k(j) is the random eff ect of the kth genotype nested within the jth population, RV(S) ik(j) is the random eff ect of the interaction of the ith replication by the kth genotype nested within the jth population and was the experimental error for population and genotype nested within population eff ects, C m is the fi xed eff ect of the mth crop year, CS (jm) is the interaction fi xed eff ect of the jth population by the mth crop year, CV(S) km(j) is the interaction fi xed eff ect of the mth crop year by the kth genotype nested within the jth population, and RCV(S) ikm(j) is the random interaction eff ect of the ith replication by the mth crop year by the kth genotype nested within the jth population and was the residual error. Transformation of the data was not necessary as the data approached a normal distribution and transformation did not improve or change the interpretation of the results.
The ANCOVA was used to investigate the association in percent borer-damaged internodes between the two borer species and possible diff erences between the Louisiana and Texas population or between the resistant and susceptible group of genotypes. The ANCOVA was run in SAS Mixed procedures (Littell et al., 2002 (Littell et al., , 2005 with the percent MRB-damaged internodes as the response variable and percent SCB-damaged internodes as the covariate. The percent SCB-damaged internodes was used as the covariate because the SCB-resistance status of the Louisiana genotypes was known and was used to establish the resistance status of other genotypes in the trial, and the MRB resistance status of the genotypes was unknown. The analysis determined the strength of the association between percent borer-damaged internodes of the two species. The linear mixed model used was:
[2] where Y ijkm is the percent MRB-damaged internodes in the ith replication, jth population or resistance status, kth genotype and mth crop year, b j is the slope of the regression equation representing the association in the percent borer-damaged internodes between the MRB and SCB, and x ijkm (percent SCB-damaged internodes in the ith replication, jth population or resistance status, kth genotype and mth crop year) and is the covariate. The ability of the mixed procedure to account for the random variation associated with experimental design variables increases statistical power of the tests compared to simple linear regression (Abraham and Ledolter, 2006) .
The log-linear analysis was done using the SAS GENMOD procedure (SAS Institute, 2007 ) and the linear model used was:
where μ ijk is the cell count from the combination of the ith crop year (plant or ratoon), jth population or resistance status and kth bored status (bored or not bored), λ is the intercept, λ is the interaction eff ect of the ith crop year by the jth population (resistance status) by the kth bored status. The the SCB also suff ered signifi cantly (P < 0.01) less damage from the MRB in both crops compared to their susceptible counterpart. When the entire dataset comprising all 80 genotypes were subsequently coded as either resistant or susceptible to the SCB and analyzed, the trends were similar to those reported above (Table 1) . While the percent borerdamaged internodes for both pests were signifi cantly (P < 0.05) infl uenced by crop and prior SCB-resistance status, the interaction between resistance status and crop was not signifi cant (data not shown). The above results indicate that the signifi cant variables for percent borer-damaged internodes were similar for the MRB and the SCB and, was suggestive of cross-resistance in sugarcane between the SCB and the MRB. However, it must be considered that, while the ANOVA can be used to show diff erences between groups, no reliable inferences can be made about the association between the borer-damaged internodes between the species. To accomplish this we performed the ANCOVA.
Analysis of Covariance
In the ANCOVA, the percent MRB-damaged internodes was used as the response variable while that of the SCB was used as the covariate (Table 2) . A signifi cant positive association would mean that the plants within the populations responded similarly to attack by both pests. The analyses produced two regression equations for each data set, one each for the Louisiana and Texas populations, and one each for the resistant and susceptible genotypes. The equations were, MRBP Louisiana = 20.54 + 0.36SCBP Louisiana [5] for the Louisiana population, MRBP Texas = 22.19-0.03SCBP Texas [6] for the Texas population, MRBP LA-Resistant = 16.78 + 0.48SCBP LA-Resistant [7] for the resistant population (Louisiana subgroups), MRBP LA-Susceptible = 24.84-0.34SCBP LA-Susceptible [8] for the susceptible population (Louisiana subgroups), MRBP All-Resistant = 17.22-0.37SCBP for the resistant population (80 genotypes subgroups), and MRBP All-Susceptible = 25.15-0.02SCBP All-Susceptible [10] for the susceptible population (80 genotypes subgroups). In the ANCOVA, the intercept represents the level of damage caused by the MRB in each population whereas the slopes measure the strength of the associations (Fig. 1) . The intercepts are represented by the Population (Vartype) or Resistance Status (Resistance) eff ect while the slopes are represented by the percent SCB-damaged internodes × Population or percent SCB-damaged internodes × SCB-Resistance Status eff ects (Table 2, Fig. 1 ). The intercepts show that, similar levels of MRB-damaged internodes were experienced by the Louisiana and Texas populations as previously indicated by the ANOVA (Table 1) . However, the coeffi cient of the slope or percent SCB-damaged internodes × Population eff ect for the Louisiana population was positive and Table 1 . Percent, ± SE, of sugarcane internodes bored by the Mexican rice borer and sugarcane borer in the plant and fi rstratoon crops as compared among populations (Louisiana vs. Texas) and among subgroups (resistant vs. susceptible) derived from the Louisiana population and from the entire population of individuals in the study. The subgroups represent the sugarcane borer resistance status of genotypes in the respective populations. The subgroup derived from the Louisiana population was based on prior information which was used in this study to determine the sugarcane borer resistance status of all genotypes in the study as described in the Materials and Methods section.
signifi cant (P < 0.01), which is indicative of a positive association in the percent borer-damaged internodes between the MRB and the SCB in this population. No such signifi cant (P > 0.05) association was found for the Texas population. The second data subset comprised Louisiana genotypes with known SCB-resistance status. The SCB-resistant genotypes had a smaller intercept indicating that this group incurred less MRB damage than its susceptible counterpart (Table 2) . Percent-borer damaged internodes was found to be signifi cantly associated (P < 0.01) between the two pests for the group of genotypes identifi ed as resistant to the SCB, whereas, no such association (P > 0.05) was found among the susceptible genotypes (Table 2 ). Similar trends were found when the data subset comprising the SCB-resistant vs. -susceptible groups drawn from all 80 genotypes was analyzed (Table 2 ). These results indicate that factors that infl uence percent borer-damaged internodes were similar for the SCB and the MRB (Eq. [5], [7] , and [9]) and are also suggestive of cross-resistance between the sugarcane and MRB. However, although, the ANCOVA showed that there was signifi cant association in the response of sugarcane genotypes to infestation by the two borer species, the method in strict statistical terms is not robust enough to identify factors responsible for the association. To accomplish this, we used log-linear models which can determine the variables responsible for the response.
Log-linear Model Analysis
Log-linear models have not typically been used in these types of analyses, therefore, additional details about how it is being applied in this study is warranted. The input data used by log-linear models are counts arranged in a contingency table, with the cell values treated as the response variables (Table 3) . In this study, the experimental design variables, namely crop, population, and borer damage status (internodes bored or not bored) were treated as the independent variables. The analysis was used to determine the association or independence of one variable (e.g., borer damage status) on the other variables (crop, population), but the interpretation is based on the odds Table 2 . The Analysis of covariance solution for fi xed effects tests with percent of sugarcane internodes bored, by the Mexican rice borer as the response variable and, by the sugarcane borer as the covariate as compared among populations (Louisiana vs. Texas) and among subgroups (resistant vs. susceptible) derived from the Louisiana population and from the entire population of individuals in the study. The subgroups represent the sugarcane borer resistance status of genotypes in the respective populations. The subgroup derived from the Louisiana population was based on prior information which was used in this study to determine the sugarcane borer resistance status of all genotypes in the study as described in the Materials and Methods section. The subgroups represent the sugarcane borer resistance status of genotypes in the respective populations. The subgroup derived from the Louisiana population was based on prior information which was used in this study to determine the sugarcane borer resistance status of all genotypes in the study as described in the Materials and Methods section.
of insect damage (borer damage status) occurring in one crop or population relative to another. This is accomplished by fi rst identifying and interpreting the signifi cant interaction eff ects in the model. For example, to determine the extent to which borer damage status is dependent on the crop, the population, and their interaction, one would fi rst identify if the estimates or coeffi cients associated with the borer damage status by crop, borer damage status by population, and borer damage status × crop × population interaction eff ects, respectively, were signifi cant in the model. Each of these coeffi cients is associated with a standard error, confi dence intervals, chi-square and probability of the chi-square value which is used to test for its significance (Table 4) . A signifi cant estimate for the eff ect of borer damage status by crop or borer damage status by population would indicate a departure from unity, meaning that the borer damage status was dependent on the crop or population. To derive the comparisons, these coeffi cients are exponentiated to produce odds ratios and it is the odds ratios that are interpreted. For example, the odds ratios for borer damage occurring in the Louisiana vs. Texas population are calculated as the odds of being bored for the Louisiana population divided by the odds of being bored for the Texas population. Signifi cant, positive odds ratios that are >1.0 would mean that the odds of borer damage occurring in the Louisiana population were greater than that for the Texas population. For example, when the dataset comprising SCB-resistant and-susceptible genotypes from the Louisiana population were subjected to log-linear model analysis, the output would be as shown in Table 4 . The highest signifi cant eff ects were the two-way interactions of SCB-resistance status × MRB-status and crop × MRBstatus. The SCB-resistance status × crop eff ect is not within the scope of this study and is therefore not interpreted (Table  4 ). The SCB-resistance status × MRB-status and the crop × MRB-status eff ects are interpreted because they provide information on the infl uence that the SCB-resistance status and the crop, respectively, can have on the variable percent MRB-damaged internodes. The coeffi cient (estimate) of the SCB-resistance status × MRB-status eff ect (-0.5055), represents the log of the odds ratio or likelihood that a SCB-resistant genotype (relative to a susceptible one) will be bored by the MRB (Table 4 ). The odds ratio (resistance vs. susceptible) are calculated by exponentiating the log odds ratio (-0.5055) and is equal to 0.60 (Table 5 ). The confi dence limits of the odds ratio of 0.60, are calculated by exponentiating the confi dence limits of the log of the odds ratio (-0.5826, -0.4285) to provide the limits 0.56 and 0.65 (Table 5 ). The log of the odds ratio divided by the standard error (SE) provides a t-statistic which is squared to provide the chi-square statistic (chi-square) ( Table 5 ). The probability (P > ChiSq) of obtaining a larger value of the chisquare statistic is given in Table 4 and this value can be read off the chi-square tables and indicates the strength of the dependency or association between the percent Mexican rice borer-damaged internodes and SCB-resistance status.
Log-linear model analysis is interpreted in the same way as a factorial analysis, where only the highest order Table 4 . Output from Log-linear model analysis showing parameter estimates (Estimate) and the associated degrees of freedom (DF), standard error (SE), Wald's 95% confi dence limits (CL), chi-square value and the probability of obtaining a larger chi-square value (P > ChiSq). signifi cant interaction eff ect is interpreted. In this study, the SCB-resistance status × crop × population interaction eff ects for the Louisiana and Texas populations were signifi cant (P < 0.01). Signifi cant three-way interactions are interpreted by comparing two variables at each level of a third, just as is done with factorial analysis. Therefore, odds ratios for borer damage in the Louisiana vs. Texas population were compared for each crop.
The results obtained from the ANOVA and log-linear model analyses were similar in showing that the level of borer damage in both populations was not consistent across crops (Table 5 ). In the plant crop, Louisiana genotypes were 17% (signifi cant at P < 0.05) more likely to incur MRB damage than Texas genotypes but the reverse was true in the fi rst-ratoon crop where Louisiana genotypes were 35% (signifi cant at P < 0.05) less likely to incur MRB damage. For the SCB, Louisiana genotypes were 10% (signifi cant at P < 0.05) less likely to incur borer damage than Texas genotypes in the plant crop. In the fi rst-ratoon crop, genotypes from both populations were equally likely to incur SCB damage as the odds ratio was close to 1.00 (Table 5 ) and the coeffi cient was not signifi cant (P > 0.05).
Louisiana genotypes previously selected for resistance to the SCB were 40% (signifi cant at P < 0.01) less likely to incur MRB damage and 50% less likely to incur SCB damage compared to susceptible genotypes (Table 5 ). When the analysis was repeated by assuming prior knowledge of the SCB-resistant and-susceptible status of all 80 genotypes in the experiment, the results corroborated the above fi ndings with resistant genotypes being 32% less likely to incur MRB damage and 61% less likely to incur SCB damage than their susceptible counterparts (Table 5 ). The results corroborate previous evidence in suggesting that prior knowledge of the SCB-resistance status of a plant could be useful as a predictive tool in determining how they would react when exposed to fi eld infestation by the MRB. The dependency of MRB-damaged internodes on the SCB-resistance status of the plant provided evidence for cross-resistance between the borer species. Therefore, mechanisms governing resistance to the SCB could also be active against the MRB, although at marginally lower levels ( Table 5 ). The plant crop was 24% (MRB) and 33% (SCB) more likely to be bored than the fi rst-ratoon crop (data not shown); an indication that screening of both borers would be best performed in the plant crop. That genotypes were more susceptible to damage by both borers in the plant crop further highlights the notion that the patterns of damage for both borer species were similar, and perhaps one of the reasons for the cross-resistance.
DISCUSSION
The objective of this study was to determine whether crossresistance exists, among sugarcane genotypes, between the SCB and the MRB. In particular, we wanted to determine whether prior knowledge of the SCB-resistance status of a genotype could be useful for predicting its reaction when exposed to the MRB. The study was prompted as a measure of preparedness of the Louisiana sugarcane industry to the encroachment of the MRB. The study sought to take advantage of resources developed through a long history of selection and breeding for SCB-resistance in Louisiana (Hensley and Long, 1969; Kyle and Hensley, 1970; Pan and Hensley, 1973; White and Hensley, 1987; White, 1993; Milligan et al., 2003; Kimbeng et al., 2006) . No formal program to select and breed for resistance to either pest existed in Texas. At the time the study was initiated, both the MRB and the SCB were present in Texas whereas only the SCB was present in Louisiana. However, the MRB was reported present in southwestern Louisiana by the time the study was concluded (Anonymous, 2009) .
The study provided evidence of cross-resistance between the SCB and the MRB. Evidence of cross-resistance between the SCB and the MRB was more pronounced in the Louisiana population presumably because it had previously been selected for varying levels of resistance to the SCB (Fig. 1,  Table 2 ). This population was subdivided into two groups (resistant vs. susceptible to the SCB) based on prior information. Using this information as a standard, it was possible to make a similar classifi cation (resistant vs. susceptible to the SCB) of all 80 entries in the trial. The analyses of these data showed that percent borer-damaged internodes for both the SCB and MRB were substantially higher among the susceptible compared to the resistant group of genotypes (Tables  1 and 2 ). The resistant genotypes showed a strong positive association between the SCB and the MRB (Table 2) and were 32% less likely to incur MRB damage compared to their susceptible counterparts (Table 4) . ) derived from the Louisiana population § Odds ratio for subgroups (resistant vs. susceptible) derived from the entire population of entries in the study. The subgroups represent the sugarcane borer resistance status of genotypes in the respective populations. The subgroup derived from the Louisiana population was based on prior information which was used in this study to determine the sugarcane borer resistance status of all genotypes in the study as described in the Materials and Methods section.
Cross-resistance would be a great benefi t to the Louisiana sugarcane breeding program as it would eliminate the need for maintaining dual breeding programs needed to develop resistance to both species. The existence of crossresistance provides assurance that the Louisiana sugarcane industry is not completely unprepared for the arrival of the MRB. Genotypes identifi ed as resistant to both pests in this study, especially Louisiana adapted germplasm, would form the base population of a program designed to elevate the level of resistance in sugarcane to both pests.
Most of the genotypes in the Louisiana population had previously been selected for their reaction to the SCB, whereas, none of the Texas genotypes had undergone any formal selection for either pest. Mean comparisons, from the ANOVA, of percent borer-damaged internodes for both pests, between the Louisiana and Texas population was probably not a reliable measure because the Louisiana samples deliberately included resistant and susceptible entries. However, the log-linear model analysis showed that the Louisiana population was generally less likely to incur SCB damage compared to the Texas population. Log-linear model analysis also showed that the Louisiana population responded more to fl uctuations (within population comparison across crops) in MRB pressure and less to fl uctuations in SCB pressure while the Texas population succumbed more to SCB pressure and less to MRB pressure. The data seem to suggest that the Texas population has acquired at least a marginal to moderate level of resistance Table 2 that were derived from the analysis of covariance using the mixed procedure of SAS. The mixed procedure of SAS removes the variation associated with random variables such as replication.
to the MRB even while no formal selection and breeding has been practiced for this trait. One can assume that native infestations of the MRB in Texas are probably high enough to exert natural selection for this trait. It would, therefore, be possible to further increase the level of MRB resistance in sugarcane through active selection and breeding.
This study supports our contention that it is possible to simultaneously increase levels of stem borer resistance to both the MRB and the SCB; unfortunately, those traits that possibly confer resistance to the stem borers such as high fi ber percent and high pith, are also inversely correlated with sucrose yield . Thus, increasing cross-resistance could have the eff ect of decreasing the sucrose content to uneconomic levels. We are currently reviewing advancement records to evaluate how valuable our SCB-resistant parental lines are to the commercial breeding programs in Louisiana. Our initial evaluations suggest that an additional cycle of backcrossing may be necessary to obtain sucrose yields required for a genotype to be accepted by growers. If borer resistance becomes diluted with subsequent backcrossing, then it may be necessary to identify other sources of resistance that are not strongly, negatively correlated to sucrose yields. This is the fi rst study to investigate cross-resistance to pests in sugarcane. A more elaborate study would need to involve a larger population in a more controlled experiment where each pest is evaluated separately. But one must take into consideration the fact that these pest do occur together in nature. The study provides a good model framework for determining if cross-resistance exists in other multipest agroecosystems. For example, in the Zimbabwe sugar industry, currently, the stem borer, Eldana saccharina, remains the major insect pest of sugarcane (Mazodze et al., 1999; Mutambara-Mabveni, 2007) . Recently, another stem borer, Chilo sacchariphagus has been detected in Mozambique at the Mafambisse sugar estate (Conlong and Goebel, 2002) and is advancing from Mozambique to the sugarcane growing areas of Zimbabwe, Malawi, Swaziland, and South Africa. Evidence of genotype resistance to C. sacchariphagus has been observed in Mozambique (Conlong et al., 2004) . Currently, there is active selection for E. saccharina resistance (Rutherford, 1998) but no active selection for C. sacchariphagus. Investigating cross-resistance between the E. saccharina and C. sacchariphagus would help the southern African sugarcane industries develop strategies to control both borer species.
